out-coupling usually limit the overall transfer efficiency. 26, 27 A further step is to design the spatial distribution of the in-plane plasmon modes to implement the in-, out-coupling as well as the directional transmission functions. The use of spatial and spectral properties of higher order plasmon modes in 2D crystalline Au cavities have recently been proposed as a generic scattering loss free approach to integrated optical logic gates and, further, information processing. 28 The implementation of plasmonic devices from the properties of 2D cavity modes pertain to the ability to tailor their size and shape. [29] [30] [31] While simple and usually symmetrical shapes can be obtained directly by chemical synthesis, the full potential of arbitrarily shaped cavities can, so far, only be attained by the physical or chemical etching of crystalline Au platelets which has already led, for example, to antennas with improved performances. 32, 33 Using this approach, we have recently demonstrated that a small defect, such as a hole, could significantly alter the modal behavior of 2D cavities pointing out the potential for more complex modal design. 34 Here, we report the directional signal transmittance mediated by the rich and complex spatial and spectral variation of the plasmonic eigenmodes supported by 2D crystalline structures. The potential of multiple input-output devices with a controllable transmission between one entry and one exit ports is demonstrated in a diabolo-like structures composed of a rectangular channel flanked by two mesoscale triangular pads that sustain higher order modes in the visible spectral range, 28, 35 as schematized in Figure 1 . The size of the structure is intermediate between the supra-and sub-wavelength size ranges so as to combine long range delocalization and sharp field enhancement at the input and output ports that are therefore precisely defined. In Figure 1c , an in-plane near-field intensity map is calculated over the entire diabolo for an optical excitation consisting of a Gaussian laser beam impinging on the structure at normal incidence. The beam is kept fixed at one corner of the triangular input cavity. A clear remote response is observed at the output cavity as far as the diagonally opposed corner. The full map suggests that the remote response is mediated by the excitation of a mode bridging the input and output locations via the channel. Interestingly, the output signal is almost annihilated when the incident polarization is rotated by 90° (Fig. 1d) . The same near-field transmittance simulations provide the spectral distribution of the delocalized plasmon modes (Fig. 1b) simulated transmittance spectra are monitored in (O) when the diabolo is excited with horizontal or vertical polarizations in (I). Upon horizontal polarization excitation (black curve), the symmetrical diabolo exhibits a 100-nm wide transmittance peak culminating at 810 nm. When the polarization is flipped (red curve), the spectrum is completely attenuated near this spectral region. These simulations strongly suggest that the transmittance is obtained by populating polarization-dependent 2D delocalized modes. Indeed by simply moving the excitation to the lower corner of the input cavity, the signal is redirected to the upper corner of the diabolo output cavity through a symmetrical set of delocalized eigenstates. We experimentally explore this concept and demonstrate the effective spectral and spatial engineering of higher order plasmon modes in channel devices comprising input and output cavities. These information transfer structures may comply with the upcoming demand of compact processing devices, such as logic gates, 27, 36 coupled to quantum emitters in integrated architectures aimed at transferring 6, 37, 38 and manipulating 39, 40 quantum information.
Focused ion beam (FIB) milling etching of crystalline gold microplatelets is used to fully design a structure supporting cavity modes that can be spatially and spectrally optimized to perform the desired transmission function from a chosen input port to a specific output location (Fig. 2a) . This nanofabrication method provides plasmonic nanocircuits and devices with superior structural and optical quality. 32 The microplatelets are synthesized by a simple green reducing process reported in reference 41 . The colloidal suspension is dropcasted onto cross-marked glass coverslip and thoroughly washed. The microplatelets are natively stabilized by strongly adsorbed β-lactoglobulin amyloid fibrils, which are removed by three successive O2-plasma treatments. We conducted scanning electron microscopy (SEM) and atomic force microscopy (AFM) to assess the scarce density of colloidal objects on the surface in order to address single objects. The in-plane dimensions (~ 2-3 µm) and thickness (20-40 nm) of the targeted native hexagonal microplatelets are recorded individually (Fig. 2b) . Gallium ion FIB milling is performed, first, to etch out the diabolo shape ( Fig. 2c ) and then to remove the peripheral fragments of the mother microplatelet. The milling protocol is optimized using a pattern generator and nanolithography software to reduce edge amorphisation, metal redeposition and gallium contamination. The typical side length of the equilateral triangular pads ranges from 600 to 1000 nm, which is comparable to chemically synthesized prismatic cavities, and the connecting channel is 500 nm long and 200 nm wide (See Experimental Section). 42 Non-linear photoluminescence (nPL) microscopy is a convenient technique to easily map out the intensity of the local field inside plasmonic devices without resorting to slow and invasive near-field scanning probes. 28, 43 nPL imaging acts as a local probe that benefits from a higher spatial resolution and sensitivity conferred by the non-linear mechanism. In this work, the nPL of gold is excited with a 180-fs pulsed Ti:Sapphire laser focused in a diffraction-limited spot by a high numerical aperture objective (N.A. 1.49).
The excitation spot diameter is about 300 nm and the mean power density at the sample is 20 mW.µm -2 .
The power dependency of the non-linear emission signal collected in the 375-700 nm spectral range is another via the mediation of the finite SPLDOS present in the channel. This is precisely modelled in our plasmon transmittance simulation tool, in which the effective transmittance dependence on the existence or not of a phase matching throughout the device (See Supplementary Information, section 6 ). 19 In Figure 4f The operation of the transfer devices at a given energy relies on the spatial and spectral tailoring of a supporting delocalized mode that simultaneously enables an effective transmission and localized in-and out-coupling. This spatial and spectral matching of the cavities can be altered by varying the global geometry of the device. For instance, the symmetry breaking created in bowtie-like antennas comprising two mesoscale triangular prisms with different sizes was shown to have a marked effect on the local field distribution and spectral response. 35 We have fabricated non-symmetrical diabolos by changing the relative sizes of the triangular pads while keeping the same channel geometry. In Figure 5 , we examine the case of a structure made of a 640-nm left side triangular pad connected to a 730-nm right side triangular pad (Fig. 5a ). The total in-plane SPLDOS plotted in Figure 5b highlights the non-symmetrical modal structure with a predominant m=3 mode on the left side and a predominant m=5 mode on the right side. When the diabolo is excited at input (I) with a linearly polarized beam along the horizontal or vertical direction, no output is observed in (O) as shown in Figures 5c and 5d , even when the output data is magnified ten times.
The series of experimental nPL profiles in Figure 5g demonstrates that the transmittance along the I-Ci-O path remains inhibited for all polarization directions. The incident excitation propagates as far as the midchannel area but is completely suppressed in the right side of the device. As the incident polarization direction is rotated, one can notice that the intensity of the nPL is uniformly affected over the entire structure, in striking contrast to the periodic intensity redistribution observed with the symmetrical diabolo for a similar sequence (See details in section 4 and Figure S5 of the Supplementary Information). The reshaping of the diabolo keeps the system off-resonance and does not allow for a signal transmission through the channel.
We confirm the transmittance suppression by calculating the near-field SP transmittance maps for horizontally ( Fig. 5e ) and vertically ( Fig. 5f ) polarized excitation in (I). Once again, a very good match with the corresponding experimental maps is obtained. In the excitation regions, the confined hotspot and the extension along the edges observed in Figure 5c are matched by the two intense lobes in Figure 5e , while the weak and diffuse signal around (I) in Figure 5d is also obtained in the simulated Figure 5f . Furthermore, in the output regions, both polarization configurations yield a weak signal, which is marginally more intense in Figure 5e (horizontal polarization) than in Figure 5f (vertical polarization), in agreement with the weak transmittance measured in Figures 5g and S5 . The spatially modulated, long-range transmittance monitored in the nPL images merely reveal in space the spectral match or mismatch of the device with the excitation conditions. In Figure 5h , the smaller non-symmetrical diabolo exhibits a sharper and blue-shifted transmittance peak at 775 nm (black curve) compared to the 820-nm resonance of the larger symmetrical device upon horizontally polarized excitation (Fig. 1b) . Additionally, a low energy peak beyond 850 nm is Simulations. Numerical simulations of the local electromagnetic field, SP-LDOS and nPL signal were performed using home-made codes based on the 3D Green Dyadic Method as described in earlier reports. 43 The generalized propagator K(r,r ' ,ω) is computed first that gives the total electromagnetic response of the complex metallic nanostructure under any arbitrary illumination field E0(R0, r, ω). The diabolo nanostructure 
